Abstract
Introduction
peech and language disorders affect one's ability to talk, understand, read, and write, and may range from a few speech sound errors to a total loss of the ability to use speech to communicate effectively. Dysphagia or a swallowing disorder is a serious health problem that can be life-threatening. Speechlanguage pathologists (SLPs) evaluate, diagnose, and treat communication and swallowing disorders in individuals of all ages, from infants to the elderly. The American Speech-Language-Hearing Association (ASHA) is the professional, scientific, and credentialing association for more than 130,000 SLPs, audiologists, and speech, language, and hearing scientists in the United States and internationally. The largest increase in vacancies was in home health. 3 A survey of schools conducted by ASHA in 2006 identified school districts with significant personnel shortages; 68% of respondents reported that job openings were more numerous than job seekers.
Investigators at the Mayo Clinic reported the following challenges for SLP consults in their early experience with telemedicine: (1) the inability to assess muscle strength and musculoskeletal tension and to physically manipulate speech structures may result in omission of important information in patients with motor speech disorders; (2) eliciting sensitive case history information at-a-distance may be difficult when assessing patients with psychogenic speech disorders; and (3) patients with significant language or cognitive impairment may have difficulty grasping the interactive process over television monitors. 7 Clinicians at the Rehabilitation Engineering Research Center on Telerehabilitation at the National Rehabilitation Hospital (NRH) reported that age, education, technology experience, and gender did not significantly affect the difference between performance of brain-injured patients on a standardized speech-language evaluation conducted face-to-face versus via videoconference. 8 Stroke-related symptoms such as poor attention, severely impaired comprehension, poor vision, and motor impairment may adversely affect a patient's ability to participate in a telehealth session. However, "in-home" delivery of speech-language services may be most appropriate for this population if family members, caregivers or paraprofessionals are available and willing to provide assistance. [9] [10] [11] Applications A variety of venues are involved in the delivery of SLP services via telehealth, including medical centers, rehabilitation hospitals, specialty cancer care centers, satellite clinics, residential healthcare facilities, rural community health centers, Veterans Affairs Medical Centers, military medical facilities, universities, patient's homes, schools, and child care nurseries. The majority of applications are aimed at reaching out to underserved populations in remote or rural areas within a district, county, state, province, or country to evaluate and/or treat speech, language, cognitive-communication, and swallowing disorders (see Appendix for a summary of applications including types of services and technologies used).
NEUROGENIC COMMUNICATION DISORDERS
SLPs have used the telehealth model to provide services to patients with aphasia, dysarthria, apraxia, cognitive-communication disorders, and dementia resulting from cerebrovascular disease (CVA), traumatic brain injury (TBI), Parkinson's disease, cerebral palsy, and multiple sclerosis. Telehealth offers the potential to extend the continuum of care and improve clinical outcomes for these patients, particularly in light of insurance reimbursement challenges and shortened lengths of hospital stays. 10 Early application of telecommunications technology in SLP focused on diagnosis and treatment of neurogenic communication disorders. In 1976, a "Tel-communicology" healthcare delivery system for veterans was developed to meet expanding demands, upgrade services, and overcome logistic problems. This system was designed to enhance rather than replace traditional programs to treat patients with communication disorders including aphasia and dysarthria. 12 Beginning in 1987, investigators in Mayo Clinic facilities provided SLP telemedicine consultations for patients with communication disorders including dysarthria, apraxia, and cognitive-communication impairment. They concluded that telemedicine provides an appropriate medium for speech-language consultations that is reliably accurate in identifying various acquired neurogenic and psychogenic speech disorders. 7 In 1992, clinicians at the Veterans Affairs Medical Center in Martinez, California conducted a simulation study to compare face-to-face with "remote conditions" in the appraisal and diagnosis of aphasia, apraxia, dysarthria, and dementia. The agreement in diagnosis among appraisal conditions was 93% to 94%. Results sug-gested that either television or computer-controlled video laserdisc by telephone could be substituted for face-to-face sessions. 13 Since these early studies, many telehealth applications for neurogenic communication disorders have been reported. Investigators at the Rehabilitation Engineering Research Center on Telerehabilitation at the NRH have been at the forefront in technology innovations to deliver services to patients with CVA and TBI. 8, 10, 14, 15 Clinicians in Australia conducted a telerehabilitation pilot study with 19 participants with dysarthria. Results suggested that reliable assessment of motor speech disorders over the Internet is possible in adults with acquired neurological impairment with additional refinement of their technology and assessment protocols. 16 An investigator at the Center for Health and Disabilities Research, National Rehabilitation Hospital, reported that pilot study results with 24 poststroke patients suggested that assessment of a patient's functional communication using videoconferencing equipment at a transmission speed of 384 kilobits per second (Kbps) was equivalent to a face-to-face encounter. A randomized, double-crossover agreement design was used with carefully devised criteria for a telemedicine equivalence trial. The investigator outlined methodological improvements over previous telerehabilitation studies and cited recommendations for future studies. 17 In anecdotal reports, the Speech Therapy Department at St. Alexius Medical Center in Bismarck, North Dakota, provided care through their Tele-Care Network to patients in rural communities who suffered a stroke and lacked access to local SLP services. 18 A speech pathologist in the Department of Veterans Affairs in Lexington, Kentucky, reported treatment gains, good patient response, and cost savings with the use of videophones to treat anomia. 19 Clinicians in Vasterbotten, Sweden, reported positive results and high patient satisfaction with interactive and store-and-forward telehealth speechlanguage rehabilitation for adults with aphasia. 20 Telehealth is being used to address the problem of unfilled SLP positions in home healthcare agencies. 11, 21, 22 One of the many important responsibilities of SLPs in this setting is to evaluate and treat patients recovering from speech, language, cognitive, and swallowing disorders associated with CVA. Timely and regular rehabilitation services are critical to maximize the potential for recovery of function or use of compensatory strategies to enable the patient to be as independent as possible including the possibility of returning to the workforce.
FLUENCY DISORDERS
Telehealth is particularly advantageous in the treatment of fluency disorders because there are few specialized centers for treating stuttering and long-term follow-up for maintenance is frequently required. Early stuttering should be treated efficaciously in the preschool years to prevent progression to a long-term form. Although the Lidcombe Program of Early Stuttering Intervention has been shown to be an effective treatment, many children in Australia who live in rural and remote areas do not have access to this program. Because it is implemented by parents under guidance of an SLP, it is easily adaptable to telehealth delivery. A series of research trials provided evidence that use of low-tech telehealth technology (training videos, recorded speech samples, telephone, e-mail) yielded satisfactory clinical outcomes; however, in one study, the results were obtained with lengthier treatment times and at higher cost compared to traditional clinic-based delivery. 23, 24 Researchers at the Australian Stuttering Research Centre at the University of Sydney conducted a Phase 1 trial to investigate the viability of telehealth delivery of the Camperdown Program with adults who stutter. This behavioral treatment involving speech restructuring was conducted remotely via telephone and e-mail contact between clinician and patient. Preliminary data from 10 adults suggested that the Camperdown telehealth program has potential to provide efficacious treatment for patients who do not have access to traditional face-to-face treatment. 25 A study was conducted with children and adolescents who stutter to assess the feasibility and outcome of delivering services at-a-distance between a Montreal pediatric tertiary care center and a primary care center in a remote area in Northern Quebec, Canada. Results demonstrated that interactive videoconferencing is a feasible and effective model and resulted in improved fluency in all participants. 26 Clinicians at the Institute for Stuttering Treatment and Research at the University of Alberta in Canada used videoconferencing to provide services to adults in geographically remote areas following their discharge from intensive treatment at the Institute. Clinical measures of communicative performance, verbal reports from patients, and clinician judgments indicated that treatment goals were met and patients were satisfied with their telehealth treatment. 27, 28 
VOICE DISORDERS
Speech pathologists in Australia used an Internet-based (128 Kbps) telerehabilitation application to deliver the Lee Silverman Voice Treatment (LSVT) to 10 participants with Parkinson's disease (PD). Patient access to this treatment was limited because of distance, the limited availability of certified LSVT clinicians in rural/remote areas of Australia, and patient mobility challenges that preclude or impede their travel to a healthcare facility in both urban or rural environments. Treatment outcomes data demonstrated that the online treatment was feasible and effective. 29 In an anecdotal report, telehealth sessions combined with home visits enabled clinicians with the Visiting Nurse Service of New York-Home Care to offer the LSVT program to patients with PD. The intensive four-sessions-per-week schedule of this evidence-based program often makes it unavailable to homebound patients because of access difficulties or heavy caseload demands. 21 Following a successful proof-of-concept study with 51 participants in Hawaii, a vocal rehabilitation program was deployed from Tripler Army Medical Center in Honolulu to treat patients diagnosed with voice disorders in a U.S. Naval Hospital in Japan. 30, 31 The use of video teleconferencing via Integrated Services Digital Network (ISDN) lines (at 384 Kbps) provided patients with access to services not available in their military medical facility. Preliminary data indicated that clinical outcomes were comparable to providing therapy in-person.
Investigators in Australia validated an Internet-based telerehabilitation system designed to assess patients following surgical removal of the larynx because of cancer. Greater than 80% agreement was reported between online and face-to-face assessments of oromotor, swallowing, and communication outcomes of 20 patients postlaryngectomy; however, visualization of the stoma was reported to be poor. Assessments were conducted at a bandwidth of 128 Kbps. 32 An SLP in a specialty cancer care center in Manitoba used telehealth technology to provide voice and speech therapy, tracheoesophageal voice prosthesis management, psychosocial and peer support, and education for patients, family members and local healthcare professionals. Telehealth addressed the challenge of providing postlaryngectomy follow-up and rehabilitation for patients in rural or remote communities in Manitoba where access to specialized head and neck cancer expertise is often unavailable.
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DYSPHAGIA
Patients who are at risk for dysphagia should be thoroughly evaluated because impaired swallowing can result in significant morbidity and mortality. However, subspecialists in dysphagia may not be available in small rural communities or in remote areas. In addition to a clinical evaluation, instrumental examination (e.g., videofluoroscopic, fiberoptic endoscopic) is routinely used to identify underlying variables and determine appropriate management strategies for the swallowing problem. Investigators at the University of Illinois developed a program using video transmission over a T1 line that permits real-time, remote, interactive evaluation of oral/pharyngeal swallowing function. A custom interface enabled an expert SLP at the controlling site to direct a modified barium swallow study remotely and view and interpret in real-time the videofluoroscopic images captured in a hospital radiology suite. 34 In anecdotal reports, an SLP at the University of Kansas Hospital mentored a colleague at a rural site in Kansas in performing modified barium swallow studies utilizing a videofluoroscope that attached directly to a Polycom F/X system. The cooperative venture provided an invaluable diagnostic service to patients in an underserved rural area of Kansas and eventually enabled the local clinician to complete the swallow studies independently. 35 An SLP with the Visiting Nurse Association Health Services in Port Huron, Michigan, monitored her patient through their telehomecare program after discharging him from in-home dysphagia therapy. The services, which were considered adjunct to the therapy already provided, resulted in significant improvement in the patient's swallowing function. Without telehomecare, the follow-up services would not have been possible since monitoring or maintenance is not considered a skilled service that warrants in-home visits.
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CHILDHOOD SPEECH AND LANGUAGE DISORDERS
There has been greater awareness of and increased emphasis on the importance of early identification and diagnosis of speech and language disorders. When the Individuals with Disabilities Education Act (IDEA) was implemented in 1990 mandating special education and related services to all eligible children with disabilities, rural schools were faced with personnel shortages and problems with recruitment and retention. In Oklahoma, a metropolitan rehabilitation hospital, a rural hospital, and a rural school formed a partnership to test the outcomes and acceptance of teletherapy in a public school. 36 In North Dakota, the Center for Persons with Disabilities located at Minot State University developed a program to provide speech-language therapy through interactive videoconferencing in remote areas of North Dakota where services were otherwise limited or nonexistent because of SLP personnel shortages. 37 Early intervention can reduce the negative effects of childhood speech-language disorders such as academic difficulties. Children with speech and language disorders in rural and remote areas may be at a disadvantage because of poor access to SLP services. Results of a pilot study in Australia suggest that an Internet-based assessment protocol delivered via video teleconferencing through a 128 Kbps link has potential to provide a clinically reliable method for assessing pediatric speech disorders. 38 In the United Kingdom, clinicians are using videoconferencing technologies to deliver speech-language therapy remotely to support services to children with communication difficulties in mainstream schools. 39 In Belfast, SLP services were provided to preschool children in a nursery and in their homes with an interactive audiovisual interface, computers, and an ISDN 2 line (128 Kbps). "Televisits" allowed parents to participate more fully in their child's therapy program and gain a greater understanding of their child's communication development by observing them in the nursery setting. Clinicians were able to observe the child's communication environment in an unobtrusive manner and provide guidance to parents. 40 These projects demonstrate that telehealth is a viable treatment option for children with special needs and can be used to support the delivery of speech-language therapy services in the schools.
Technology
TELEHEALTH MODELS OF SERVICE DELIVERY
The dynamic nature of communication, problem-solving, and behavior modification often necessitates synchronous transmission for "real-time" interactive evaluation and treatment of communication disorders. Studies have demonstrated that VTC is a viable and effective method for providing SLP services at-a-distance. 7, 8, 14, 16, 26, 27, 29, 31, 33, 34, 36, 37, 39, 40 Auditory/verbal/visual interaction is essential for most procedures or at least preferred over audio only connections to enhance a sense of clinician "presence" and to facilitate rapport with patients.
Although the majority of SLP applications utilize VTC technology, store-and-forward components have also been used as a primary or adjunctive means of delivering services. 12, 16, 20, 23, 25, 29, 32, 34, 38, 41 
EQUIPMENT AND TRANSMISSION MEDIUMS
An important consideration in equipment selection is the existence of the infrastructure or network across which they connect. Equipment, connectivity mediums, and bandwidth specifications vary according to the telehealth application and desired outcomes. Image and sound quality must be adequate to support the clinical procedure. Equipment used in SLP telehealth applications include telephones, videophones, fax machines, VTC units, computers for e-mail and video teleconferencing software and webcams, closed circuit televisions, and image scanners. 6 Technology used for telehealth SLP sessions should not distort or interfere with communication, or must do so only in a minimal and well-characterized way, since the quality of signals must support assessment and treatment of communication disorders. 8 Adequate bandwidth connection is imperative to ensure optimal audio and visual quality for clinical decision-making.
Intervention tools such as custom software are being developed to interface with VTC equipment to provide a "virtual desktop" for clinicians to administer therapy materials. For example, research engineers at the NRH developed a remote interactive touch screen which is highly intuitive and allows for fast and efficient control of a computer for therapy tasks and is particularly useful for patients with minimal computer experience or cognitive impairment. 10 Investigators in Greece developed an innovative Web-based system of technology-assisted speech and language therapy tools and visual speech aids. The "Telelogos" system provides information, tests, report templates, a database for storing patient records and information, and e-learning applications. 42 According to usability studies, the system has potential to supplement the traditional delivery of speech therapy services. Pierrakeas et al. 41 discussed the use of "online collaboration environments" for various telehealth applications for speech therapy including: online group therapy for articulation disorders, aphasia and stuttering; clinical consultation with a multidisciplinary team; and online mentoring and continuing education. Both of these systems provide exciting possibilities for the global delivery of SLP services.
Response to Telehealth
PATIENT SATISFACTION
In addition to positive clinical outcomes, telehealth applications have yielded favorable patient feedback. With technological advancements and the ubiquitous use of computers in our daily lives, telehealth is assuming a desirable role in the delivery of healthcare, particularly for patients with an interest in technology. In Brennan et al's study, 10 4 of 10 patients with left and right CVA reported that their comfort level was better in the telerehab condition because they felt "less self-conscious" when the clinician was out of the room or was "less distracted because the computer made it interesting." In a subsequent study with 40 participants with recent CVA or TBI, 34 of 40 participants expressed an interest in future use of VTC. 43 In a case report by Kully, 27 a patient who stuttered perceived the VTC format as challenging but manageable, and less demanding on fluency control than the telephone format which was the traditional medium for their long-distance maintenance program. In a study that compared in-person with remote delivery of a vocal rehabilitation protocol, both quantitative data on clinical outcomes and qualitative feedback were positive from patients who received therapy via the telehealth model (e.g., "The video sessions were just as good [as in-person]. It made it more interesting to see technology playing a part in medical sessions"). In fact, 16 of 16 qualitative patient comments on the telehealth model were positive. 30 
CLINICIAN SATISFACTION
Clearly, clinician satisfaction with the telehealth model is critical to its widespread acceptance and use. With positive patient responses, most SLPs engaged in telehealth have embraced the use of technology in their practice, despite admitting to initial skepticism. The lack of tactile feedback and cues may require creative problem-solving or even preclude the use of techniques that require "hands-on" delivery. However, investigators have reported that the absence of a clinician's physical presence does not compromise the "human element" or reduce the effectiveness of services provided via telehealth. 30, 44 Suboptimal clinician satisfaction has generally been reported with telehealth systems that utilized low bandwidth transmission or low-tech options for auditory perceptual ratings of speech characteristics that are inherently challenging to judge such as nasality or resonance, or visual perceptual ratings of oromotor movements or anatomical structures.
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Advantages of Telehealth
Telehealth offers the potential to deliver services in underserved and remote/rural geographic areas where they are not available, and in areas with shortages of specialists or lack of subspecialists. In several reports, telehealth also provided access to a university medical center. As a result, both patient and clinician benefited from the knowledge and expertise of a host of medical specialists. This was particularly advantageous for the clinician since practicing in a rural environment afforded few opportunities to interact with colleagues for professional growth and skill development. 34, 35, 45 Telehealth not only increases the capacity to provide service in a "no-service" area but reduces the potential delay of service. 46 For example, the development of a telehealth program in rural Kansas eliminated wait time in scheduling modified barium swallow studies, decreased travel time, reduced patient fatigue, and improved accuracy of results. Patient follow-up was enhanced through timely discussion of results and recommendations. 35 Telehealth can increase efficiency and cost effectiveness of delivering SLP services. Furthermore, telehealth meets the care needs of homebound patients with impaired mobility and allows for closer monitoring to determine when additional or follow-up services are needed. 11, 21 Individualized home exercise programs can be developed to facilitate carryover of learned skills to the functional home environment. 46 The cost benefits associated with reducing staff time and minimizing travel expenses are significant for home healthcare and itinerant school services. Notably, personnel shortages are most critical in these settings.
Telehealth may increase the length of time SLPs can provide services to post-stroke patients. Carpenedo 21 reported that telehealth treatment allows the SLP to increase patient care time to meet the needs of the communicatively impaired homebound patient. Sub-acute patients with restorative potential can benefit from daily intervention with the use of telehealth services in addition to in-home visits. According to Brady, 11 a primary benefit in a home health agency has been the ability to increase available services. In spite of SLP shortages in rural areas, telehealth enables clinicians to cover a larger geographic area while providing more therapeutic services to patients.
Telehealth allows clinicians to provide adjunct treatment service to enhance clinical outcomes. Follow-up services, particularly after discharge from intensive or inpatient services can have a significant positive impact on functional outcomes. 14, 21 In-home telehealth sessions also afford the opportunity to include family members and caregivers in the treatment program by providing education and training. Telehealth may provide a means that is cost effective for both the clinician and patient in order to economically extend services when insurance coverage ends.
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Challenges and Barriers to Telehealth Applications in Speech-Language Pathology
Challenges and barriers to widespread adoption of telehealth services are summarized in Table 1 . In 2002, ASHA conducted a survey of 1600 members to sample their activities and attitudes with respect to telepractice (telehealth). Respondents were positive about the potential of telehealth. However, the barriers they perceived included cost, lack of professional standards, and lack of data on efficacy and cost effectiveness. 47 Start-up costs including equipment purchase and installation as well as maintenance costs and connectivity charges can be prohibitive. However, with technological advances, these costs are decreasing. In addition, with the expansion of telehealth applications and demonstrated positive cost-benefits ratio, telehealth systems are becoming more widespread in hospitals, clinics, home healthcare agencies, and schools.
Many telehealth applications in SLP have been demonstration projects or funded research protocols. The lack of reimbursement presents a challenge to sustainment of programs beyond the initial stages of research and development. 44 The majority of clinicians (71%) surveyed in 2002 reported that they were not being reimbursed for telehealth services; 15% reported reimbursement by private pay, 10% by private insurance, and 5% by Medicaid. 47 Fortunately, federal funds are being offered to support telehealth programs, particularly in rural health networks (e.g., grants from the Office for the Advancement of Telehealth). Furthermore, a request to the Centers for Medicare & Medicaid Services (CMS) was submitted by the American Telemedicine Association to add speech pathology/therapy procedures to the approved list of telehealth related CPT codes, and to approve SLPs as eligible telehealth providers through the physician fee scheduling process.
Denton 48 addressed legal and ethical issues associated with telepractice in SLP including state licensure, privacy and confidentiality, malpractice, competence, informed consent, and use of assistants. Current licensure requirements present a barrier to telehealth; obtaining multiple state licenses is required to practice across state lines. Licensure typically includes initial application and subsequent renewal fees as well as fulfilling examination and continuing education requirements that differ across states. If telehealth is to be a feasible means of providing services, the restrictive nature of interstate licensure requirements must be resolved. Potential solutions include the establishment of national regulations, Congressional action to regulate telemedicine licensure, reciprocity for the purposes of telehealth, or cooperation among states for multi-state licensure in telemedicine. [48] [49] [50] A critical need that can be addressed through research is the establishment of technical standards and guidelines to ensure appropriate application that does not compromise the standard of care expected in face-to-face or in-person clinical encounters (e.g., different bandwidths required for different tasks). While this may paradoxically present access issues related to the need to travel to telehealth sites with appropriate equipment and infrastructure, it is important to maintain clinical standards. For example, the following findings were reported in studies of SLP telehealth applications: while the quality of sound and visual images permitted accurate judgments about most aspects of patient's speech performance, subtle features like speech breathing were more difficult to assess; adequate bandwidth and proper positioning of patients in front of the camera are important in order to visualize structures for purposes such as oromotor examinations or discriminating similar sounding phonemes by observing articulatory placement; at times, competing Internet traffic compromised audio and video quality; although a majority of participants receiving treatment remotely indicated that online delivery was acceptable, some respondents indicated that the audio and visual quality was less than adequate; occasional problems associated with connectivity were resolved by preparing patients and having a back up available such as a telephone in the room; unlike other video-streaming applications that can tolerate loss of video quality, the analysis of swallowing function requires high-fidelity video with no loss in quality. These findings provide valuable information for future telehealth applications.
Future Directions
A goal for the future is to integrate telehealth services seamlessly into routine clinical and administrative functions. As communications technologies continue to develop and progress, advances in infrastructure and software should eventually allow secure connections from patient's home. Research is needed to define standards for clinical protocols with equipment specifications (e.g., compression, resolution, and transmission quality) to support diagnostic and therapeutic procedures and goals (Research Question 1: What are minimum requirements for technology to ensure efficacious and costeffective telehealth services?).
When guidelines and standards are established, they can be used to direct research questions and provide tools for designing research protocols 51 ASHA's Working Group on Telepractice 5,6,52 developed three documents that provide an excellent platform from which to embark on future telehealth applications. Indeed, the proverbial "sky is the limit" when venturing into the telehealth frontier with the vision of international collaboration to provide quality services to citizens in need. With our global network across which to connect, the potential and possibilities are virtually boundless.
Conclusion
An extensive review was conducted of the literature available on the application of telemedicine and telehealth technologies in SLP. While a significant amount of demonstrations and investigations have been reported with favorable clinician and patient response, evidence from clinical trials is needed to validate speech-language pathology telehealth protocols including technical specifications, clinical efficacy and outcomes, and economic analyses. The armamentarium of technologies available to healthcare providers including SLPs should be used to its fullest extent to enable better quality care in environments that lack the physical presence of expertise. 
APPENDIX. Summary of Telehealth Applications in
